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Less Common Syndromes Associated with Hypoglycemia by Trevor P Mann MD FRCP (Royal Alexandra Hospitalfor Sick Children, Brighton) I am going to consider three puzzling disturbances which have several clinical and biochemical features in common, other than profound hypoglycimia. The recurring components of these three syndromes are: vomiting, often repeated and copious; altered blood in the gastric contents; heavy ketonuria and coma. Recurrent Hypoglycamia, Hwmatemeses and Ketonuria in Identical Twins These two charming and vivacious young ladies (Fig 1) were presented to this Section in 1959 (Mann 1959) . Their medical histories date back to 1955 when both had convulsions shortly after birth. Unfortunately, we were less aware then than now of neonatal hypoglycemia and blood glucose estimations were not performed. The two girls quickly recovered from this transient neonatal disturbance and remained well until the age of 15 months when, at the same time on the same morning, they had the first of what proved to be a long series of widely spaced but stereotyped attacks. All these episodes have occurred shortly after waking and recurring clinical features have been vomiting with altered blood in the gastric contents, convulsive movements and coma (often with continued vomiting). Heavy ketonuria has been a constant accompaniment of the profound hypoglycemia. All the attacks have occurred after overnight fasting, the child having appeared well on retiring to bed the previous evening. Table 1 shows the timing of these bouts over the last ten years, divided into two almost equal periods. Where the type is underlined this signifies that both children were affected together; the bracketed figure after the month denotes the admission blood glucose level, where performed.
It will be seen that the attack rate has fallen in recent years. C A has had complete freedom since March 1963 but L A has recently been in trouble again (October 1965) . On this last occasion, unlike previous ones, she was fully conscious when first seen at hospital despite an admission blood sugar of 10 mg/100 ml; because of her satisfactory clinical state we were able, for the first time, to perform adrenaline and glucagon tests before terminating the attack with intravenous glucose.
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zrielh dri l** I; r q ,u;1 : ........... [-@ :'_1t :-: Table 1 shows the total number of florid attacks but in recent years the twins have also been having occasional minor episodes, these occurring, too, shortly after rising in the morning. They appear in an apathetic state complaining of nausea. They may vomit once or twice, especially if persuaded to take nourishment. Spontaneous recovery takes place after an hour or so. A number of the serious attacks seem to have been triggered off by nervous tension, often the anticipation of an exciting event. At such times, hyperactivity and a temporary reduced food intake may contribute. Such provocative factors could be identified in August 1960. Just before I went on my summer holiday the twins' mother asked me if it would be advisable for her daughters to be bridesmaids at the forthcoming wedding of a local celebrity. I gave qualified approval and then went on leave hoping to forget clinical matters for a while. However, a few days later I opened one of the popular national newspapers and read that the twins had passed into deep coma the morning after the ceremony (Fig 2) . Apparently on the day of the wedding itself they had been excitable, hyperactive and disinclined to eat.
These children have shown a remarkable tolerance of severe hypoglycwmia; on at least one occasion around their third birthday and before the basic cause of their disturbance was recognized, both were deeply unconscious at home for six hours at a time and yet recovered spontaneously. On most occasions in hospital they have responded dramatically to intravenous glucose, and following such treatment have been known to be running round the ward happily within an hour of admission.
On the basis of physical characteristics and blood groups the twins are almost certainly identical and, of course, their similar clinical behaviour supports this contention. They have always been of linear build having little subcutaneous fat. Their heights are now at the 50th percentile, having for many years been between the 25th and the 50th percentile. Their weights since the age of 3 years have been around the 10th percentile.
These two girls have been intensively studied over the years, many of the investigations having been repeated without clarification of the cause of their hypoglycmmia. Data so far available may be summarized as follows:
Normal results: Liver function tests, blood electrolytes, casein test meal, adrenaline and glucagon tolerance test (both performed when well), insulin-like activity (when comatose), 1 7-ketosteroids, protein-bound iodine, blood glycogen.
Fasting blood glucose (12-14-hour fast) 40-80 mg/100 ml. When they were aged 3X, a seventeenhour fast resulted in blood glucose levels of 31 and 39 mg/100 ml, without symptoms. Table 2 shows glucose and non-esterified fatty acid (NEFA) levels.
Insulin tolerance test: Table 3 shows glucose and NEFA levels. C A became deeply comatose an hour after receiving insulin and responded poorly to vigorous intravenous glucose therapy; vomiting was troublesome but there was no hematemesis. At the same stage L A showed facial twitching but remained conscious. Noradrenaline and adrenaline levels in the urine were measured fasting and during insulin-induced hypoglycwmia; there was no rise in either twin. Serial pulse and blood pressure readings also suggested the absence of compensatory hyperadrenalism (Broberger & Zetterstrom 1961) .
ACTH test: The twins' responses were remarkablz and identical. 17-ketosteroid and 17-hydroxycorticoid levels were unusually high (Table 4 ). Both children developed striking polydipsia and polyuria for a number of days and-were found to have severe transitory glycosuria ( Table 5 ). The initial glycosuria in the first twenty-four-hour specimen is unexplained; it was found also in the other twin. It is possibly significant that the ACTH test was begun twenty-four hours after (1964) in their reported cases of ketotic hypoglycemia, ketonuria did not precede the onset of hypoglycxemia in L A's recent attack but was, as previously noted, an impressive accompaniment. Finally, both children were recently fed half a pint of 'double cream' after over-night fasting and their blood sugar and NEFA levels were followed (Table 10) . Hypoglycemia was not induced by this procedure.
Wet-brain/Fatty-liver Syndrome This second disturbance may be regarded as a fairly well defined clinicopathological entity. Both the manner of presentation of the illness and the morbid anatomical findings are distinctive. The disturbance is a fulminating one and usually affects the pre-school child, being particularly common in infancy. Occasionally one obtains a history of a preceding respiratory infection. Recurring clinical features have been pallor, vomiting often with hmmatemeses, convulsions, and stupor leading to coma. Tachypncea may occur. All our cases have died shortly after admission. The salient laboratory findings have been: a profoundly low blood and CSF sugar level; a metabolic acidosis with a slightly elevated blood urea: heavy ketonuria; sometimes a neutrophil leucocytosis. Raised serum transaminase levels may be found. At necropsy two findings stand out, namely cedema and swelling of the brain (Fig 3) and fatty change in the liver (Fig 4) . Under the microscope, the meninges and brain are free of inflammatory cells and there is no 5) ; there is no evidence of hepatic necrosis or inflammatory change. The kidneys may show broadening and pallor of the cortex (Fig 6) , and microscopically, fatty infiltration of the tubules (Fig 7) . In 1962 when three recently seen examples of this syndrome were considered at one of the monthly clinicopathological conferences at the Royal Alexandra Children's Hospital, Brighton, the clinicians concerned were looking for answers to three questions in particular: (1) Were we correct in considering this disturbance as a specific clinicopathological entity? (2) What was the cause of the disturbance? (3) How should we investigate future cases, bearing in mind that we felt the condition could be recognized during life?
Professor Sheila Sherlock, who helped us with our deliberations on this occasion (Elliott et al. 1962) , did not think the three cases we presented were necessarily suffering from the same condition; she felt that a similar end-result might be reached by several different paths. Regarding causation she favoured, as we had done in at least one of the cases, some sort of poisoning but thought that a severe infection might produce the same picture.
When a year later Reye et al. published their paper (1963) , 'Encephalopathy and Fatty Degeneration of the Viscera', it was immediately apparent that the condition they were reporting corresponded closely to one we had described.
Like ourselves, these Australian workers felt that the atiology was probably not the same for each case.
Following the publication of this report it soon became obvious from the correspondence columns of the Lancet (Corlett 1963 , Maloney 1963 , Stejskal & Kluska 1964 ) that this syndrome was occurring in many parts of the world. However, some of the cases described, although superficially similar, probably belonged to a different group (Brain et al. 1929 , Brain & Hunter 1963 , Reye & Morgan 1963 . In this country the disturbance appeared to have a strange distribution. Thus, to give but one example, it seemed from enquiries I made of clinicians and pathologists that cases were being seen in Manchester but not in Liverpool. Utian et al. (1964) described 14 examples of the same disturbance collected over a period of nine years under the heading 'White Liver Disease'. In their discussion antibiotics, sulphonamides and salicylates were suggested as possible vetiological agents to be dismissed. However, it was Giles (1965) who alerted us to the possibility ofsalicylate hypersensitivity in this affection. He pointed out that many of the clinicopathological features could be produced by salicylates and that a review of his own and published cases showed that a number of the children with wet-brain/fatty-liver syndrome had received this drug during their final illness. Thus, in Reye's series of 21 cases no less than half had been given aspirin in this way . It seems possible that salicylates may, by interfering with the production of energy-rich phosphate bonds in the liver, lead to an impairment of glycogen formation.
There is accumulating evidence that salicylates, even in subtoxic dosage, can on occasion lead to hypoglycemia and even death when given to young children. For The clinical picture had many similarities to the wet-brain/fatty-liver syndrome. Serial CSF examinations suggested that this infant had, in fact, an encephalitis and we thought the hypoglycemia might be neurogenic in origin. Mortimer & Lepow (1962) described 4 unrelated infants who, within a few days of developing chickenpox, became severely hypoglycemic and died. These authors also suggested that the fatal hypoglycemia might possibly be attributable to a disturbance of the nervous control of carbohydrate metabolism. However, they were reluctant to accept this explanation and this led to a careful reappraisal with the parents concerned of the histories of 3 of the 4 children. It was only then that they discovered for the first time that these children had been given large amounts of salicylates for several days preceding the onset of hypoglycimia.
Of particular interest were the published postmortem findings in 2 of the 3 cases where an autopsy had been allowed. Both children were found to have cedematous brains and 'marked fatty metamorphosis of their livers'.
From now onwards salicylates must surely be regarded with suspicion in relation to these two syndromes. Furthermore, it would seem wise in future for the clinician faced with a possible example of the wet-brain/fatty-liver syndrome to collaborate closely with both biochemist and toxicologist.
I should like to conclude on a reassuring note by saying that in the case of the twins there has never been any question of their attacks being induced by salicylates or any other drug.
